In this article, some optical and thermal applications in grapevine research are reviewed and methods to quantify the light and temperature regime around a grape bunch are discussed. This includes temperature measurement techniques (thermocouples and thermal imaging) as well as methods to quantify light quantity (hemispherical photography) as well as light quality (spectroradiometric applications) around a grape bunch. Available methods for real-time quantification of grapevine canopy size and density for application in variable rate technology sprayers are discussed, and a novel and simple approach of using opto-electronic sensors for quantification of grapevine canopy thickness and density is presented. Some scientific as well as practical applications of these individual techniques are discussed, along with their potential integration to improve knowledge of the grape bunch and canopy interaction with the environment.
INTRODUCTION
The wine industry plays an important role in SouthAfrica, growing in 2008 to an annual contribution to the economy of R26.2-billion or 2.2% of the gross domestic product (GDP) [1] . Wine and grapevine-related research contributes significantly to this thriving industry. Wine research is closely related to the monitoring of the grapevine and its environment. Novel techniques for quantifying and understanding the environment around a grape bunch are needed in research, especially due to the variable nature of a vineyard and its product [2, 3] . When considering sensor applications in grapevine research, an important consideration is the spatial and temporal scale at which these measurements are conducted, in and around the vineyard. On a macro-scale we can consider the interpolation of land surface temperature data from satellites using geographical information systems [4, 5] . This approach is also dependent on a sensor network for calibration purposes and can include satellite/aerial remote sensing techniques. On a meso-scale (on-farm or between-vineyard scale) we mostly deal with remote sensing technology (which can also be performed on proximal or canopy scale) as well as weather stations that are used to make meteorological observations. On a micro scale, measurements are made within or around the grapevine canopy, within or around a bunch or even within or around a single berry or leaf (also referred to as nano-scale measurements). If an analogy is to be made between a plant and sensors, it could be reasoned that a plant is an array of sensors able to react to light quantity and quality on a spatial and temporal basis, leading to physiological reactions affecting its growth, reproductive functionality and commercial quality. A complicating factor when using sensors in grapevine research is that we are dealing with effects of light quality and quantity on leaves and fruit in a spatially complex and temporally changing environment. The ideal sensor arrangement would be able to quantify, for instance in an imaging spectrometer arrangement, light quantity and quality over time in various positions within the canopy. Unfortunately, such an arrangement would be extremely expensive, especially if replication is required. For the moment at least, we can rely on sensors and modelling to get close to this goal, but certainly electronics and sensor technology could help in studying these interactions in a more efficient way, be it in terms of lower cost or higher resolution of the data generated. Another issue in using sensors in grapevine research is that sometimes care is not taken to understand the calibration conditions and measuring limits of the instruments. This is especially true when conducting light measurements, where the calibration of for instance pyranometers is done in high light environments comparable to the conditions that the sensor would encounter under clear skies. Measurements are then done inside canopies under low light conditions with different wavelength distribution and it is accepted that the calibration is still valid. While we are looking for improved solutions, this paper aims to expose the electronic engineering world to some of the applications and challenges of grapevine (and certainly also other fruit) research related to light and temperature Abstract: In this article, some optical and thermal applications in grapevine research are reviewed and methods to quantify the light and temperature regime around a grape bunch are discussed. This includes temperature measurement techniques (thermocouples and thermal imaging) as well as methods to quantify light quantity (hemispherical photography) as well as light quality (spectroradiometric applications) around a grape bunch. Available methods for real-time quanti cation of grapevine canopy size and density for application in variable rate technology sprayers are discussed, and a novel and simple approach of using opto-electronic sensors for quanti cation of grapevine canopy thickness and density is presented. Some scienti c as well as practical applications of these individual techniques are discussed, along with their potential integration to improve knowledge of the grape bunch and canopy interaction with the environment. Figure 7 , but needs e 8). Also t n a pre-install not optimal fo was, howeve ld be adapted chanical stab m centring issu up was to a) m g and to c) ay droplet's a logic is that gh the canopy ray nozzles c re potential e canopy.
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shown in Fig  ultrasonic bea Even though the gap fraction analysis system looks promising to use as a low-cost alternative, canopy profiling through the use of LIDAR would probably still offer the best way to combine canopy profiling and gap fraction analysis into one sensor. It has already shown promise for use in spray technology [15] . Preliminary results from some of these studies demonstrate reduction in spray drift, reduction in cost of application (savings on chemicals, but also less refill cycles) and therefore also reduced impact on the environment [16] .
5. CONCLUSIONS AND FUTURE WORK In combination, the technologies that are described in this paper can be powerful drivers to model berry temperature, as already proposed [17] . Furthermore, ways to profile and describe a grapevine canopy and therefore the bunch environment better and with more sampling points (such as when using LIDAR) can help us to better understand and quantify the variability that is often measured in grape temperature or light interception, and perform better measurements to compliment research on the microclimate level. It is also necessary to find ways to describe the grapevine canopy light and temperature environment better, in order to add value to regional/macro scale analyses such as those performed when satellite data are interpolated. This could improve current available decision making tools by incorporating meso-and micro-scale variability in temperature/light into existing models and to set up new models for the future.
